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A plane of order n having an abelian transitive group of (P, I) transitivities yields 
generalized Hadamard matrices with entries from a group of order g for any g/n. 
Generalized Hadamard matrices of degree 12 are given having entries from groups 
of order 4 and 3, respectively. Unfortunately these do not yield a plane of order 12 
having a (P. I) transitivity. 0 1988 Academic Press, Inc. 
Let rc be a projective plane of order n coordinated by the ternary field T 
corresponding to some ordered quadrangle of rt [l, p. 1251. A ternary 
operation is defined in T by the equation y = x o b. Addition and mul- 
tiplication are defined in T by 
a+b=a.lob 
ab=a.boO. 
T is said to be linear if x a 0 b = xa + b. A linear ternary field is called a 
Cartesian group if its additive loop forms a group. For fixed a # 0 and c # 0 
it is easily seen that the mapping 
is a fixed point free permutation on the elements of T. If we let P,, 
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represent the n x n permutation matrix corresponding to (T,, we have for 
fixed c, 
where Z, is the y1 x y1 identity matrix and J,, is the n x n matrix all of whose 
entries are 1’s. Another result is that for distinct parallel classes having a 
and d, a # 0 # d, for varying c 
Zn+x P,‘P,= J,,. 
If T is a linear ternary field, the set (Pat 1 a, c E T} forms a transitive, 
regular permutation group G of order M isomorphic to the group of (L, co) 
elations of n, L the line at infinity [ 1, p. 1301. The group G is isomorphic 
to the additive group of T, a Cartesian group. Let p be a linear represen- 
tation of G. Let M be the n x n matrix with i, 1 and 1, i entries p(l,), 
i=l , ..., n and i, j entry p(Pi-l,i+I) for i# 1 #j. 
DEFINITION. A generalized Hadamard matrix GH(qs, K) over the group 
K of order q is an qs x qs matrix GH(qs, K) = (h,) such that 
(i) hVEKfor all 16i, jdqs, 
(ii) Cgzl himhi,’ =CktK sk whenever i # j where the summation is 
in the group ring Z[G]. 
If we take K to be the group generated by the images of the elements of 
G under p, then we see that ( 1) and (2) imply M is a generalized 
Hadamard matrix. 
All known Cartesian groups are elementary abelian and it has been con- 
jectured that all Cartesian groups are elementary abelian. This would imply 
that n = pk for some integer k and prime p. Another version of the conjec- 
ture is that all planes with a transitive group of (L, 03) elations are of 
prime power order. 
This conjecture is somewhat suspect however. For n = 12 there are two 
generalized Hadamard matrices, one with elements from an elementary 
abelian four group and the second with elements from a group of order 3. 
The matrices are given below. The first is due to Seberry [Z] and the 
second is due to the author. The two matrices together do> not yield a car- 
tesian group of order 12 but their existence does seem to make the conjec- 
ture mentioned above less tenable. Perhaps the reason the matrices do not 
“tit” together to form a Cartesian group is because 12 is too small an order. 
Let (a, b) be an elementary abelian group of order four, a* = b2 = 1, 
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ab = ba. The matrix below is a generalized Hadamard matrix of order 12 
with entries in (a, b). 
111111111111 
11 1 b b b ab ab ab a a a 
11 1 ab ab ab a a a b b b 
1 b ab a b ab b a 1 ab 1 a 
1 b ab b ab a a 1 b 1 a ab 
1 b ab ab a b a b a a ab a 
1 ab a b a a ab a b ab b 1 
1 ab a a 1 b a b ab b 1 ab 
1 ab a 1 b a b ab a 1 ab b 
1 a b ab 1 a ab b 1 ab a b 
1 a b 1 a ab b 1 ab a b ab 
1 a b a ab 1 1 ab b b ab a 
If c is a cube root of unity the matrix below is a Hadamard matrix of 
order 12 with entries cube roots of unity. 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 c c c c c2 c2 c2 c2 
1 1 c c2 1 c c2 c2 1 c c c2 
1 1 c2 c 1 c2 c c2 c 1 c2 c 
1 c 1 1 c2 c2 1 c2 c2 c c c 
1 c c c2 c2 1 1 c c 1 c2 c2 
1 c c2 c 1 1 c2 c c2 c2 c 1 
1 c c2 c2 c2 c c 1 1 c2 1 c 
1 c2 1 c c2 C c2 1 c c c2 1 
1 c2 c 1 c 1 c2 c2 c c2 1 c 
1 c2 c c2 c c2 c 1 c2 1 c 1 
1 c2 c2 c c c2 1 c 1 c 1 c2 
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